The effects of the interaction between the operational sex ratio (OSR) and a resource (i.e. oviposition site) on mating dynamics have rarely been considered. We examined the effect of the resource presence and its interaction, with the effect of OSR on copulation duration in Rhagoletis juglandis, a tephritid fly species characterized by a resource-defence mating system in which males defend territories on walnut fruit. In this species, copulation duration varies from 30 s to over 1 h and was shown previously to respond strongly to changes in OSR. In the field, short copulations tended to begin and end on fruit, whereas most long copulations generally began on fruit but ended in the foliage, suggesting a possible effect of resource presence on the copulation duration. In laboratory assays of isolated pairs, copulations were significantly shorter in the presence of a surrogate fruit, confirming the effect of resource presence. In another laboratory assay, in which we manipulated OSR independently of resource presence, resource presence and OSR were additive in their effects. Results are discussed in the context of sperm competition theory.
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Both operational sex ratio (OSR) and the distribution of essential resources are known to influence the dynamics of mating traits (Emlen & Oring 1977) . A significant body of literature has addressed the effect of OSR on mating traits such as copulation duration and male harassment (Lawrence 1986; Arnqvist 1992; Krupa & Sih 1993; Souroukis & Cade 1993; Vincent et al. 1994; Weatherhead et al. 1995) . In most species, longer copulations predominate in male-biased environments, whereas shorter copulations predominate in female-biased ones (McLain 1981; Sillén-Tullberg 1981; Clark 1988) . These effects are consistent with sperm competition theory. In male-biased environments, the likelihood that a mated male will encounter another female is relatively low. Thus, males should invest relatively more sperm per mating, and consequently, copulations should be longer; furthermore, in male-biased environments, the female with which a male is currently mating is likely to mate again, and males could again compensate by copulating longer and transferring relatively more sperm (Thornhill 1980; Dickinson 1986; Wolf et al. 1989) . Sperm transfer aside, long copulations may reflect a kind of mate guarding, which may benefit males in male-biased environments (Thornhill & Alcock 1983) .
A separate body of literature has addressed how control by males of resources critical to survival or reproduction mediates access to females (Parker 1971 (Parker , 1972 Emlen & Oring 1977; Siva-Jothy 1987) . In particular, the location of male-female encounters with respect to the resource is known to influence mating traits, including copulation duration. In dragonflies and dung flies, for example, males copulate for shorter periods at oviposition sites than they do elsewhere in the habitat (Parker 1971; Siva-Jothy 1987; Ward & Simmons 1991) . In some species, the rate of encounters between males and receptive females has been observed to be relatively higher within a territory than away from it (Parker 1970 (Parker , 1978 Siva-Jothy 1987) . The potential for additional copulations away from the resource is relatively low and thus males mating off the resource are expected to invest relatively more sperm in (and thus engage in longer copulations with) a given female. Short copulations at the resource might benefit the female as well, if they provide a female with relatively better opportunities to use the resource.
Although OSR and resource presence presumably act simultaneously in nature to influence mating dynamics, their joint effects have seldom been evaluated in a systematic way. Our own observations of a tephritid fruit fly, Rhagoletis juglandis, provided special incentive for evaluating the joint effects of OSR and resource presence. In a previous study (Alonso-Pimentel & Papaj 1996a), OSR
